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(57) ABSTRACT

An 1njection molded part accommodates a threaded fastener
and includes a metal insert. The insert defines a longitudinal
axis and has an end face and an outer peripheral surface. A
cutout extends from the end face and through the insert to
permit the threaded fastener to extend therethrough. A plastic
body surrounds the outer peripheral surface and has a
threaded fastener contact face. The threaded fastener contact
face of the plastic, body 1s recessed at a recessed distance
below the end face of the msert which has a spring constant
with respect to the longitudinal axis. The recessed distance
and the spring constant are selected to deform the insert 1n
response o a stress force applied to the end face thereot by the
threaded fastener to cause a pregiven component of the stress
force to be introduced 1nto the threaded fastener contact face
of the plastic body.

12 Claims, 6 Drawing Sheets
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INJECTION MOLDED PART AND METHOD
OF MAKING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation application of interna-
tional patent application PCT/EP2011/038323, filed May 23,

2011, designating the United States and claiming priority
from German application 10 2010 036 596.3, filed Jul. 23,

2010, and the entire content of both applications 1s 1mncorpo-
rated herein by reference.

FIELD OF THE INVENTION

The mvention relates to an 1mnjection molded part having (a)
a sleeve-shaped insert part which 1s made from metal and has
a longitudinal axis, an end face, a recess which runs through
the end face, reaches through the 1nsert part, and 1s configured
tor plugging through a threaded fastener, and an outer periph-
eral surtace, and (b) a plastic body which surrounds the outer
peripheral surface and has a threaded fastener contact face
which extends along a contact plane which runs perpendicu-
larly with respect to the longitudinal axis and with regard to a
height, along the longitudinal axis 1n the region of the end
face.

BACKGROUND OF THE INVENTION

Injection molded parts of the above type are used, for
example, in automotive engineering, since they are simple to
manufacture and have a low weight. In order to positively
connect (for example with a threaded fastener), the injection
molded parts to other components, for example of an auto-
mobile, 1t 1s necessary that the 1insert part, which 1s made from
metal, 1s present, with the result that, for example, a threaded
fastener can engage 1nto the msert part. The threaded fastener
connection with the insert part which 1s made from metal 1s
suificiently stable, whereas a threaded fastener connection
exclusively with die plastic does not meet the strength
requirements as a rule.

In order for it to be possible to lower the weight, for
example of the automobile, 1t 1s necessary to reduce the
weight of all components. Up to now, however, injection
molded parts have not been able to be of lighter configuration
in the region of the insert part, since otherwise the strength
requirements cannot be maintained any longer. Although 1t
would be possible to use higher strength plastics or to modify
the construction of the njection molded part 1n the region
around the insert part, this has not been possible up to now on
account of the associated higher manufacturing cost. For
instance, the insert parts which are made from metal have
geometric tolerances. The higher the tolerance requirements,
the more expensive the manufacture of the insert part.

SUMMARY OF THE INVENTION

It 1s an object, of the mvention to provide an 1njection
molded part which 1s suitable for mass manufacture and can
be produced with a lower weight and an 1dentical strength. It
1s also an object of the invention to provide a method which 1s
suitable for this purpose and a suitable 1njection molding
machine.

According to a feature of the invention, an 1injection
molded part 1s of the generic type, 1n which the threaded
fastener contact face 1s at a recessed distance with respect to
the end face. The recessed distance 1s configured to be so
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great, and the 1nsert part having such a spring constant with
regard to the longitudinal axis that, by application of a stress
force perpendicularly onto the end face via the threaded fas-
tener, the insert part can be deformed on account of the stress
force 1n such, a way that a predefined part of the stress force
ol the threaded fastener can be introduced into the threaded
fastener contact face.

It1s an advantage of the injection molded part according to
the invention that only a small part of the stress force which 1s
necessary for fastening the injection molded, part to a third
object has to be mtroduced directly into the plastic via the
threaded fastener contact face. As a result., the imnsert part can
be of smaller dimensions and can therefore be manufactured
less expensively. This leads to a weight reduction of the
injection molded part. In the 1deal case, the plastic body in the
surroundings of the insert part only has to be so large that the
force which comes from the insert part 1s absorbed reliably.

In the context of the present application, the insert part 1s
understood to be, in particular, every metal object which 1s
connected permanently to the plastic which surrounds 1t in the
finished ijection molded part. It 1s possible that the 1njection
molded part has a plurality of sleeve-shaped insert parts of
this type. It 1s practical if the 1nsert part 1s manufactured from
steel. The plastic can be, 1n particular, polyamide which 1s
fiber reinforced, for example. It 1s practical if the cutout 1s
cylindrical. The cutout can be a bore, for example. The plastic
body pretferably surrounds the outer circumierential surface
only radially, with the result that a threaded fastener can be
plugged through the cutout.

The spring constant with regard to the longitudinal, axis 1s
meant to be, 1n particular, that quotient of (the necessary force
applied as numerator) the elastic and/or plastic deformation,
until the recessed distance 1s compensated for, as denomina-
tor.

According to one preferred embodiment, the 1nsert part 1s
hollow-cylindrical. An insert part of this type 1s particularly
simple to manufacture. It 1s possible that, on its outer circum-
terential surface, the imsert part has a force introduction struc-
ture for improving the mtroduction of forces from the insert
part into the surrounding plastic, for example ribs or projec-
tions.

The threaded fastener contact face 1s preferably a bottom
surface of a depression 1n the plastic body, the mnner diameter
of the depression being greater by a predefined tolerance
amount than the diameter of the head of the threaded fastener.
If the depression 1s not cylindrical, the inner diameter means
the diameter of the inner cylinder, that 1s, of that cylinder of
maximum diameter which just fits 1nto the depression. The
tolerance amount 1s, for example, greater than a hundredth of
a diameter of the head of the threaded fastener and less than
0.2 times the diameter.

According to one preferred embodiment, the recessed dis-
tance and the 1nsert part are configured to be so large that at
least 80%, 1n particular at least 85%, of a force flow of the
stress force of the threaded fastener runs into the insert part
disposed 1n the plastic body. This 1s to be understood, 1n
particular, as meaning that the quotient from the surface inte-
gral over the pressure which the threaded fastener exerts on
the 1mnjection molded part as denominator and the surface
integral over ail stress force portions which the threaded
fastener exerts on the insert part as numerator 1s at least 0.8, 1n
particular 1s at least 0.85.

In particular, the quotient 1s at most 0.95, 1n particular 0.9.
In the case of an i1dentical stress force which the threaded
fastener applies on the mjection molded part, the 1nsert part
therefore has to support at most 0.9 times that loading which
would have to be supported without the embodiment accord-
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ing to the mvention. As a result, the insert part can be of
smaller and/or lighter configuration.

The threaded fastener contact face preferably has at least
one elevation. It 1s practical 1f the foot surface of the elevation
(that 1s, that part of the elevation which lies 1n the contact
plans) 1s less than a, third of the threaded fastener contact
tace. During the increase 1n the stress force of the threaded
fastener, this elevation comes 1into contact with the threaded
fastener earlier than the threaded fastener contact face and
therefore absorbs load earlier. In this way, the force flow 1nto
the plastic body can be influenced 1n a targeted manner, in
order to increase the strength of the injection molded part.

The cutout or openming 1n the insert part preferably has a
cutout longitudinal axis. The elevation projects beyond the
end face with reference to a height along the longitudinal axis
ol the cutout. This leads to the situation that a threaded fas-
tener which reaches through the cutout and exerts an increas-
ing stress force comes into contact first with the elevation and
only after that with the end face of the insert part. A locally
particularly great force flow 1nto the plastic body 1s thus made
possible.

According to one preferred embodiment, the injection
molded part has a counterbore which radially surrounds the
insert part and the cross-sectional area of which 1s configured
to prevent a penetration of plastic between the first end face
and the threaded fastener during the application of the stress
force on the end face by means of the threaded fastener.
During the increasing of the stress force by way of the
threaded fastener, a flow movement of plastic of the plastic
body can occur. The above-mentioned counterbore can be
provided 1n order to prevent that the plastic passes into the
region of the end face.

It 1s practical 11 the counterbore 1s at least twice as deep as
the recessed distance. That 1s, the counterbore 1s set back with
respect to the threaded fastener contact face at least by the
recessed distance which the threaded fastener contact face has
with respect to the end face. The penetration of plastic into the
region of the end face 1s thus suppressed effectively.

In addition to the counterbore, the threaded fastener con-
tact face preferably has at least one deepening, this deepening,
having, 1n particular, a depth which corresponds at least to the
recessed distance. The force flow from the threaded fastener
into the plastic basic body 1s Interrupted 1n the region around
a deepening of this type, so that the result 1s a lower mechani-
cal loading of the plastic body.

In addition, an apparatus 1s, according to the invention, in
particular a motor vehicle, having at least one injection
molded part according to the ivention and a threaded fas-
tener which reaches through the cutout along the cutout lon-
gitudinal axis and thus fastens the injection molded part to an
object, at least 80%, 1n particular at least 85%, of the force
flow of the stress force of the threaded fastener running
through the 1mnsert part into the plastic body.

In addition, the invention relates to a method for making an
injection molded part according to the Invention having the
steps (a) mserting of an insert part made front metal 1nto an
injection mold, (b) closing of the injection mold, and (c)
surrounding by injection molding of the insert part with a
plastic, with the result that the mnjection molded part 1s pro-
duced.

According to a second aspect, the invention relates to an
injection molding machine having (1) an imjection mold, (11)
an 1nsert device for mserting an insert part into the ijection
mold, (111) an 1njection unit for mnjecting plastic into the 1njec-
tion mold, (1v) a drive for closing the injection mold, and (v)
a control, unit for controlling the drive, the injection umt and
the 1nsert device.

10

15

20

25

30

35

40

45

50

55

60

65

4

In addition, the invention solves the problem by way of a
method of the generic type, 1n which the injection mold 1s
closed 1n such a way that the msert part 1s deformed plasti-
cally. According to a further aspect, the invention solves the
problem by way of the use of an 1njection molding machine
for carrying out a method of this type.

According to a further aspect, the mvention solves the
problem by way ol an injection molding machine of the
generic type, in which the control unit 1s set up for automati-
cally carrying out a method having the steps (a) actuation of
the msert device, with the result that at least one insert part 1s
inserted 1nto the injection mold, (b) actuation of the drive,
with the result that the injection mold 1s closed 1n such a way
that the at least one insert part 1s deformed plastically, and (c¢)
actuation of the injection unit, with the result that the insert
part 1s surrounded by injection molding with plastic and an
injection molded part 1s produced.

It 1s an advantage of the solution according to the invention
that the insert parts can have a greater tolerance than in
previous methods. As a result of the fact that the imjection
mold 1s closed 1n such a way that the insert part 1s deformed
plastically, the msert part 1s namely deformed to a greater
extent the larger 1t 1s, that 1s, the more 1t deviates 1n the higher
direction from the nomainal size. In the case of a plastic defor-
mation, the insert part 1s deformed 1n such a way that 1t
lengthens by an elastic spring-back travel in the case of later
opening of the injection mold. However, the absolute amount,
by which the msert part lengthens upon opening of the injec-
tion mold, does not depend substantially on the degree of the
plastic deformation of the insert part during the closing of the
injection mold, but rather only on the elastic deformation
which 1s always the same in the case of mnsert parts made from
the same material. The geometric dimensions of the insert
part relative to the surrounding plastic are therefore known
with high accuracy after demolding of the 1njection mold,
even 1 the dimensions of the insert part vary before the
introduction into the ijection mold.

In other words, the invention relates to a method for pro-
ducing an mjection molded part, 1n which method the nsert
part 1s deformed during closing of the injection mold. The
injection mold therefore acts at the same time as a forming
tool. Since only a less challenging tolerance has to be main-
tained for the msert part for this reason, the insert part can be
produced with less cost in manufacturing terms, which lowers
the overall cost for the production of the mjection molded
part.

It 1s a further advantage that the injection mold can be
produced more simply. In previous methods for producing an
injection molded part, the injection mold has a mold 1nsert 1in
the region of the insert part, which mold insert can be moved
relative to the remaining injection mold and is fastened via
springs. If the mnsert part exhibits deviations 1n the higher
direction from the standard size, the insert part presses against
the mold insert during the closing of the injection mold,
which mold insert, thereupon recoils counter to the spring
force. It 1s ensured 1n this way that that side of the insert part
which faces the mold insert 1s always oriented 1dentically
relative to the surrounding plastic. With respect to the other
faces of the 1njection molded part, however, the position of
this region depends on the dimensions of the insert part.

Although 1t would be possible 1n principle to make the
mold msert so large that 1t covers the complete end face of the
later 1njection molded part, this leads to problems with the
cooling of the mold msert and with the dimensioning of the
springs, since the plastic 1s injected 1nto the injection mold at
a high pressure of as arule several hundred bar and the springs
have to withstand the pressure. In the solution according to
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the invention, as provided in one preferred embodiment, cool-
ing of the injection mold even immediately adjacently to the
isert part 1s possible. This advantageously also leads to a
shortening of the cycle time.

The closing of the injection mold 1s understood to mean, in
particular, that time period of the method, 1n which at least
one part of the injection mold 1s moved toward the at least one
other part, with the result that a cavity 1s produced, in which
an 1nsert part 1s recerved at least partially and into which the
plastic 1s injected 1n the subsequent method.

According to one preferred embodiment, the metal of the
insert part has a vield strength and the injection mold 1s closed
such that the yield strength 1s exceeded. A plastic deformation
of the insert part then occurs.

The msert part 1s preferably placed into the injection mold
in such a way that, during closing of the injection mold, 1t
bears against the injection mold at a first insert part reference
face and at least at one second 1nsert part reference face which
lies opposite the first insert part reference face. In particular,
the sert part bears flatly against the injection mold 1n both
insert part reference faces. This leads to the insert part being
encapsulated by injection molding only on the side. The insert
part 1s then accessible in an open manner from both sides in
the finished 1njection molded part.

In this case, 1t can be advantageous that the injection mold
1s closed In such a way that the first insert part reference face
moves toward the second insert part reference face, with the
result that the 1nsert part 1s compressed between the insert part
reference faces. This compression 1s the greater, the greater
the dimensions of the insert part are between the two insert
part reference faces. After the opening of the injection mold,
the length of the 1nsert part 1s always the spacing between the
first and the second 1nsert part reference face plus the elastic
spring-back travel of the insert part, which travel 1s indepen-
dent, however, of the original length of the insert part.

According to one preferred embodiment, the 1nsert part 1s
a metal sleeve. For example, the metal sleeve 1s hollow-
cylindrical at least, on the 1mnner side. The metal sleeve can
have an 1nternal thread, but this 1s not necessary.

The metal sleeve particularly preferably has a longitudinal
axis, the msert part reference faces being the end faces of the
metal sleeve, and the insert part being deformed plastically
during the closing in the direction of the longitudinal axis.

An 1njection mold 1s preferably used, in which at least one
bearing region of the injection mold, against which at least
one bearing part reference face bears during the closing,
projects with respect to a surrounding area of the bearing
region, with the result that a height difference between the
insert part reference face and an mjection molded part refer-
ence face 1s reduced 1n a surrounding area of the 1nsert part 1in
comparison with the case where the bearing region does not
project. When the injection molded part cools 1n the injection
mold or after the ejection from the injection mold, the plastic
shrinks. As a result, an excess length of the insert part beyond
the adjacent plastic can occur. This 1s avoided 11 the bearing
region of the injection mold protrudes with respect to its
surrounding area. It can be achieved thus that, after cooling of
the 1njection molded part, the end side of the insert part
terminates tlushly with the surrounding plastic.

According to one preferred embodiment, the method 1s
carried out multiple times, with the result that a plurality of
metal sleeves are used, the metal sleeves having a nominal
height and a “betfore” height tolerance, the surrounded metal
sleeve 1n the finished 1njection molded part having a final
height tolerance which 1s smaller than the “before” height
tolerance. In this way, the metal sleeves can be produced 1n a
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particularly 1mexpensive way, since any postmachining to
maintain the final height tolerance 1s dispensed with.

The injection mold 1s particularly favorably cooled 1n the
bearing region. In this way, particularly rapid demolding 1s
possible. On account of the fact that cooling of the mold insert
1s scarcely possible 1n the case of a resiliently mounted mold
isert, a time reduction for production can be achieved 1n
comparison with conventional methods.

BRIEF DESCRIPTION OP THE DRAWINGS

The invention will now be described -with reference to the
drawings wherein;

FIG. 1 shows an injection mold, as 1s used in methods
according to the prior art;

FIG. 2 shows a detail of the injection mold according to
FIG. 1, 1n order to explain the problems 1n the prior art;

FIGS. 3a, 36 and 3¢ show an 1njection mold of an 1njection
molding machine according to the invention for carrying out
an embodiment of the method according to the invention;

FIG. 4 1s a schematic of a part of the finished 1njection
molded part 1n the region of the insert part, 1n order to explain
the height difference;

FI1G. 5 shows a stress-strain curve of the metal, of which the
insert part 1s made;

FIG. 6 1s a schematic of an 1njection molding machine
according to the invention;

FIG. 7a 1s a section view of an injection molded part
according to the invention

FIG. 7b shows a detail of the injection molded part of FIG.
Ta;

FIG. 8 shows a plan view of the injection molded part of the
invention, in accordance with FIGS. 7a and 754, and,

FI1G. 9 shows the profile of the force which 1s applied by the
threaded fastener on the injection molded part, as a function
of the adjusting travel of the threaded fastener for a conven-
tional 1njection molded part and an 1njection melded, part
according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

First, a method will be described for making an injection
molded part according to the invention.

FIG. 1 shows an injection mold 10 according to the prior art
which 1s of a three-piece construction, and a first basic part 13,
to which a mold insert 14 1s held by springs (16.1, 16.2). An
insert part 18 1s arranged in the njection mold 10, which
Insert part 18 1s embedded 1n plastic 20.

The known 1njection mold 10 1s used 1n the context of an
injection molding method, in which first the insert part. 18 1s
inserted into the injection mold 10. A second basic part 22 1s
then pushed into the first basic part 12 by a predefined
amount. When the insert part 18 has a height (h) which does
not correspond exactly to the nominal height but rather 1s
greater, the second basic part 22 pushes the insert part 18
against the mold insert 14, whereupon the springs 16 yield.
Subsequently, the plastic 20 1s injected around the msert part
18, with the result that an injection molded part 24 1s pro-
duced.

FIG. 2 shows that. In the finished injection molded part 24,
there 1s a height difference S between an insert part reference
tace 26, with which the insert part 18 bears against the injec-
tion mold 10, and an 1njection molded part reference face 28,
in the surrounding area of the injection, molded part reference

tace 28. This height difference depends on the height (h) of
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the msert, part 18 and can therefore vary within the context of
the tolerance of the insert part 18, which 1s undesirable.

FIG. 3a shows an injection mold 10 for carrying out a
method according to the invention. The injection mold 10
comprises the first basic part 12 and the second basic part 22
which, together with the first basic part 12, surrounds a closed
cavity 30 in the closed state of the injection mold 10. A
method according to the invention 1s carried out, by the insert
part 18, 1n the form of a hollow-cylindrical metal sleeve,
being 1nserted into the open 1injection, mold 10. At the begin-
ning, the msert part 18 has a height h, . which can differ from
a nominal height h

.. by a “belore” height tolerance.

In a second step, the mjection mold 10 1s closed, by the
second basic part 22 being pressed, toward the first basic part
12. It 1s also possible that the two basic parts or a plurality of
basic parts are moved toward one another and then bear
against one another. It 1s also possible that shiders, for
example, are arranged 1n the ijection mold. The 1njection
mold 1s closed in such a way that 1t delimits a predefined
cavity with exactly defined internal dimensions after the clos-
ing of the mjection mold. In other words, 1n the present case,
the second basic part 22 1s thus positioned at a defined point
relative to the first basic part 12.

I, as 1n the present case, the insert part 18 1s longer than 1s
intended for the finished 1njection molded part, the insert part
18 1s compressed when the imnjection mold 1s moved together,
that 1s, during the closing of the injection mold 10. As a result,
the first insert part reference face 26 moves toward an oppo-
site second 1nsert part reference face 27, with the result that
the 1nsert part has the height h_, , after the closing of the
injection mold. This situation 1s shown 1n FI1G. 35.

FI1G. 3¢ shows the state 1n which the insert part 18 has been
embedded in the plastic 20. Subsequently, the finished injec-
tion molded part 1s demolded and ejected. It can be seen that
the injection mold 10 has a bearing region 29, with which 1t
bears against the first mnsert part reference face 26. The bear-
ing region 29 projects with respect to its surrounding area,
which results 1n a depression 1n the finished 1mnjection molded
part. A threaded fastener can be countersunk into the depres-
sion, which threaded fastener reaches through the sleeve 1n
order to fasten the injection molded part to another object.

If the bearing region 29 has an outer diameter which cor-
responds to the outer diameter of the metal sleeve 18, 1t can be
achieved that, 1n the finished injection molded part, the height
difference S (see FIG. 2) assumes a predefined value, for
example zero, in the context of a predefined tolerance.

FI1G. 4 shows the height difference S which depends simply
on the elastic spring-back travel of the 1nsert part 18 and on
the shrinkage of the plastic 20. The shrinkage of the plastic 20
1s always the same, and the same applies to the elastic spring-
back travel. For this reason, the height difference S 1s always
identical with great reproducibility.

FIG. 5 shows a stress-strain curve of the material, from
which the insert part 18 1s produced. It can be seen that an
mitially linear region exists which 1s also called Hooke’s
region. Above a yield pomt o, the material begins to
deform plastically. It the insert part 18, 1in particular the metal
sleeve, 1s compressed 1n such a way that the yield point of the
material 1s exceeded, a plastic deformation occurs and, when
the load 1s released during demolding, spring back occurs
whereby the elastic deformation of the insert part 18 1s
released. This spring back corresponds to an elastic recovery
e, .. which 1s shown diagrammatically. It can be seen that,
when the stress a has exceeded the yield pomt o, tfor
example 1n the cases of the strains €, and €,, only a part of the
strain, namely the amount €,__, springs back during the sub-
sequent spring back. A strain remains, which represents
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the plastic component of the deformation, and the elastic
spring-hacks € __ are independent of the plastic deformation
€ last

FIG. 6 diagrammaticallly shows an injection molding
machine 32 including the following: the injection mold 10; an
insert device 34, indicated 1n the form of a gripper, for insert-
ing the insert part 18 into the injection mold 10; and, an
injection unit 36. The injection unit 36 comprises, for
example, an extruder, and 1s configured for injecting the plas-
tic 20 into the mnjection mold 10. In addition, the imjection
molding machine 32 comprises a drive 40, 1in the present case
by indicated hydraulic cylinders, by means of which the
injection mold 10 can be opened and closed. A demolding
apparatus 1s not 1llustrated. In addition, a water cooling device
42 1s schematically illustrated which also encompasses that
region of the injection mold 10 which bears directly against
the mnsert part 18.

A control unit 38 1s connected for actuating purposes to the
insert device 34, the drive 40 and the injection unit 36. The
control unit 38 comprises a digital memory wherein a pro-
gram 1s stored which 1s executed automatically with the result
that the insert device 34 1s actuated, with the result that the
isert part 18 1s mserted into the injection mold 10 by the
insert device. Thereatter, the drive 40 1s actuated in such a
way that the injection mold 10 1s closed 1n such a way that the
insert part 18 1s deformed plastically. Subsequently, the injec-
tion unit 36 1s actuated 1n such a way that the insert part 18 1s
embedded 1n plastic and an injection molded part 1s produced.
It 1s practical 1f the drive 1s actuated thereatter, with the result
that the imjection mold 1s opened. Thereafter, a possibly
present ejection device 1s actuated 1n order to eject the fin-
1shed 1njection molded part. Afterward, the operation begins
again.

FIG. 7a shows an injection molded part 24 according to the
invention with the sleeve-shaped insert part 18 and a plastic
body 44 made from plastic 20. The insert part 18 defines a
longitudinal axis L. which coincides with a cutout longitudi-
nal axis L, ol a cutout 46 1n the 1insert part 18. In addition, the
insert part 18 has a {first insert part reference face 26 which
will be referred to as “end face 26” in the following text. The
cutout 46 runs through the end face 26 and extends through
the nsert part 18 completely; that 1s, a schematically 1llus-
trated threaded fastener 48 can be pushed completely through
the insert, part 18. The insert part 18 1s delimited radially to
the outside by an outer circumierential surface 50.

The plastic body 44 surrounds the outer circumierential
surface 50 and has an imjection molded part reference face
which will be referred to as “threaded fastener contact face
28" 1n the following text.

The threaded fastener contact face 28 extends along a con-
tact plane 52 which runs perpendicularly with respect to the
longitudinal axis L. With regard to a vertical coordinate (z)
along the longitudinal axis L, the contact plane 52 extends 1n
the region of the end face 26; in the present case, the contact
plane 52 has namely only a spacing in the form of an elevation
difference S which will be referred to as “recessed distance S™
hereinafter. The contact plane 52 1s that plane, in which a large
part of the threaded fastener contact face 28 lies.

In an annular counterbore 54, the threaded fastener contact
face 28 of the plastic body 44 departs from the contact plane
52. The counterbore 54 surrounds the insert part 18 radially. A
cross section ., of the counterbore 54 1s configured 1n such
a way that, when the threaded fastener 48 presses on the
threaded fastener contact face 28, plastic 20, which possibly
begins to tlow, tlows ito the counterbore 54 and thus cannot
pass 1nto the region of the end face 26.
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With regard to the longitudinal axis h, the insert part 18 has
a spring constant (k) which 1s dependent on a change 1n the
clevation (h) of the insert part, by an amount Ah, depending on
a stress force F_____which the threaded fastener 48 applies to
the Insert part 18 when the threaded fastener 1s tightened.
Since the spring constant (k) 1s usually linear, the relevant
spring constant (k) relates to an elevation change Ah=S, that
1s, by the recessed distance S.

The recessed distance S and the spring constant (k) are
selected 1n such a way that, when the threaded fastener 48
applies the stress force F,,__ tothe insert part 18 by way of Its
head, first the 1nsert part 18 1s deformed before the threaded
fastener 48 comes 1nto contact, in particular by way of 1its
head, with the plastic body 44. The profile of the stress force
as a function of the travel (s) in the direction of the longitu-
dinal axis from the first contact with the injection molded part
1s described further below 1n FIG. 9.

FI1G. 7a diagrammatically shows an object 57, to which the
injection molded part 24 1s fastened by means of the threaded
fastener 48.

FI1G. 7b shows an enlarged detailed view from FIG. 7a. It
can be seen that the insert part 18 1s hollow-cylindrical. The
threaded fastener contact face 28 1s a bottom face or surface of
a depression 56 1n the plastic body 44, the internal diameter of
which 1s precisely identical to a head diameter A of the
threaded fastener 48 in the present case.

In addition, FIG. 76 shows that, when the threaded fastener
48 1s advanced sulliciently far toward the injection molded
part 24, there 1s a force flow K from the threaded fastener 48
into both the insert part 18 and the plastic body 44. As
explained below 1n conjunction with FIG. 9, the recessed
distance S and the spring constant (k) are selected 1n such a
way that at most 90% of the stress force F . __of the threaded
fastener bears against the isert part 18 and only the remain-
der bears directly against the plastic body 44.

FIG. 8 shows a view from above of a sectional plane with
regard to the section P-P of F1G. 7a, that 1s, with regard to the
plane in which the end face 26 lies. It can be seen that, 1n this
embodiment, the threaded fastener 48 has a head diameter A
which differs from the internal diameter A, of the depression
56 by a small amount, namely a predefined tolerance value.

In addition, FIG. 8 shows elevations (58.1,358.2,58.3,58 4)
which rise above the contact plane 52 (see FIG. 7a). In addi-
tion, deepenings (60.1, 6 0.2) can be seen in the threaded
fastener contact face 28 of the plastic body 44.

FIG. 9 shows the profile of the stress force F_, . as a
function of the travel (s) which the threaded fastener 48 cov-
ers along the longitudinal axis L from the moment of the first
contact with the injection molded part 24. The corresponding
curve for an 1njection molded part according to the prior art is
shown by a dashed line. The spring constant k. ,-1s small in a
first section 62, since the threaded fastener comes into contact
first of all only with plastic. As soon as the threaded fastener
comes 1nto contact with the insert part 18, the spring constant
rises suddenly. This 1s the case 1n FIG. 9 where s=0.4 mm.

In the case of an injection molded part according to the
invention, the curve of which 1s shown by a solid line, the
force rises more steeply 1n a first section 64, that 1s, the spring
constant 1s greater at the beginning. The spring constant
increases starting with the travel whereat the threaded fas-
tener comes 1nto contact with the plastic. This 1s the case
where s=0.2 mm. However, the increase 1n the spring constant
on the other side of the contact point 1s considerably smaller
than 1n the case of the injection molded part according to the
prior art.

FI1G. 9 shows that a shorter distance (s) has to be covered by
the threaded fastener for fastening the injection molded part
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24. Since, 1n the case of the mjection molded part according to
the invention, a great force already bears against the nsert
part before the threaded fastener comes into contact with the
plastic body, the plastic body 1s deformed to a less pro-
nounced extent. Since the metal of the sert part 18, unlike
the plastic, does not exhibit any creep, this leads to the stress
force F_____remaining constant over time, even under vibra-
tion loading.

It 1s understood that the foregoing description is that of the
preferred embodiments of the invention and that various
changes and modifications may be made thereto without
departing from the spirit and scope of the invention as defined
in the appended claims.

LIST OF DESIGNATIONS

10 Injection mold

12 First basic part

14 Mold 1nsert

16 Spring

18 Insert part

20 Plastic

22 Second basic part

24 Injection molded part

26 First insert part reference face, end face

27 Second 1nsert part reference face

28 Injection molded part reference face, threaded fastener
contact face

29 Bearing region

30 Cavity

32 Injection molding machine

34 Insert device

3 6 Injection unit

38 Control unit

40 Drive

42 Water cooling device

44 Plastic body

46 Cutout

48 Threaded fastener

50 Outer circumierential surface

52 Contact plane

54 Counterbore

56 Depression

57 Object

58 Elevation

60.1, 60.2 Deepenings

62 Section

64 Section

h Height

S Recessed distance

h Nominal height

rominal
L. Longitudinal axis

L. Recess longitudinal axis

s travel covered by threaded fastener
Q-4 Cross section

F_ .. Stress force

k Spring constant

A Head diameter of threaded fastener
A Diameter of the depression

K Force flow

What 1s claimed 1s:
1. An mjection molded part accommodating a threaded
tastener, the 1njection molded part comprising:
an insert made of metal and defining a longitudinal axis
(L);
said ineert having an end face and an outer peripheral
surface:
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said insert further including a cutout extending from said
end face and through said insert to permit said threaded
fastener to extend therethrough;

a plastic body surrounding said outer peripheral surface;

a contact plane perpendicular to said longitudinal axis and,

with reference: to an elevation along said longitudinal
axis(L), disposed 1n the region of said end face of said
insert;

said plastic body having a threaded fastener contact face

and said threaded fastener contact face extending along
said contact plane;

said threaded fastener contact face of said plastic body

being recessed at a recessed distance (S) below said end
face of said insert;

said insert having a spring constant (k) with respect to said

longitudinal axis (L); and,

said recessed distance (S) and said spring constant (k)

being selected to deform said insert 1n response to a
stress force (F_, ) applied perpendicularly to said end
face thereof by said threaded fastener so as to cause a
pregiven component of said stress force (F ) of Said
threaded fastener to be mtroduced into Said threaded
fastener contact face of said plastic body.

2. The mjection molded part of claim 1, wherein said insert
1s configured to have a hollow-cylindrical shape.

3. The mjection molded part of claim 1, wherein paid
threaded fastener has a head having predetermined diameter;
said plastic body has a depression formed therein and said
depression has a base defining said threaded fastener contact
face; and, said deprpsion has an inner diameter greater by a
tolerance amount than said diameter of said head.

4. The injection molded part of claim 3, wherein an annular
countersink 1s formed 1n Said depression radially surrounding
said isert and said annular countersink has a transverse cross
section; and, said transverse cross section 1s configured to
prevent a penetration of plastic between said end face of said
insert and said threaded fastener when said threaded fastener
applies said stress force (F_,__ ) to said end face.

5. The mjection molded part of claim 1, wherein said stress
torce (F_._..) generates a force tlow passing into said injec-
tion molded part; and, said recessed distance (S) and said
insert are So configured that at least 80% of said force flow
passes mto and through said insert.

6. The 1njection molded part of claim 5, wherein at least
85% of said force flow passes into and through said insert.

7. The mjection molded part of claim 1, wherein said
threaded fastener contact face has at least one elevation
thereon.

8. Theinjection molded part of claim 7, wherein said cutout
defines a cutout longitudinal axis (L,,); and, said elevation,
with respectto aheight (z) along said cutout longitudinal axis,
projects beyond said end face of said insert.

9. The mjection molded part of claim 1, wherein said insert
1s a sleeve-shaped 1nsert.

10. A component assembly attachable to an object, the
component assembly comprising:

a threaded fastener;

an 1njection molded part including an imsert made of metal

and defining a longitudinal axis (LL); said insert having an
end face and an outer peripheral surface; said insert
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further mcluding a cutout extending from said end face
and through said msert to permit said threaded fastener
to extend therethrough so as to threadably engage said
object;

said injection molded part further including a plastic body

surrounding said outer peripheral surface and said plas-
tic body including: a contact plane perpendicular to said
longitudinal axis and, with reference to an elevation
along said longitudinal axis (L), disposed 1n the region
of said end face of said insert; said plastic body having a
threaded fastener contact face and said threaded fastener
contact face extending along said contact plane: and,
said threaded fastener contact face of said plastic body
being recessed at a recessed distance (S) below said end
face of said 1nsert;

said 1nsert having a spring constant (k) with respect to said

longitudinal axis (L); and,

said recessed distance (S) and said insert being so selected

to deform said insert 1n response to a stress force (F )
applied perpendicularly to said end face thereof by said
threaded fastener to generate a force flow (K) with at
least 80% of said force flow (K) running through said
insert and with the remainder of said force flow (K)
being introduced into said threaded fastener contact face
of said plastic body.

11. The component assembly of claim 10, wherein said
recessed distance (S) and said spring constant are so selected
to deform said insert 1n response to said stress force (F . )
applied perpendicularly to said end face thereof to generate
said force tlow (K) with at least 85% of said force tlow (K)
running through said insert and with the remainder of said
force flow (K) being introduced into said threaded fastener
contact face of said plastic body.

12. A method for making an 1njection molded part which
can accommodate a threaded fastener, the method comprising
the steps of:

providing a metal insert having an opening extending

therethrough for recerving said threaded fastener;
inserting said insert into an 1njection mold;

closing said mold so as to cause said insert to plastically

deform;

injecting plastic into said mold so as to surround said insert

with plastic to form said 1njection molded part having a
plastic body surrounding said insert;
wherein said insert has an end face and 1s so deformed with
the closing of said mold that the injection molded part 1s
caused to have a threaded fastener contact face formed 1n
said plastic body recessed at a distance (S) below said
end face of said insert;
said 1nsert defining a longitudinal axis (L) and having a
spring constant (k) with respect to said longitudinal axis
(L); and,

said recessed distance (S) and said spring constant (k)
being so selected to deform said insert in response to a
stress force (F .. .) applied perpendicularly to said end
face thereof by said threaded fastener so as to a pregiven
component of said stress force (F_,, . ) of said threaded
fastener to be mntroduced into said threaded fastener
contact face of said plastic body.
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